Objective: To investigate the rate, predictors of lymph node metastasis (LNM) and pattern of recurrence in clinically early stage endometrial cancer (EC) with positive lymphovascular space invasion (LVSI). Methods: Women with clinically early stage EC and positive LVSI 2005 to 2012 were identified. Kaplan-Meier curves and logistic regression models were used. Results: One hundred forty-eight women were identified. Of them, 25.7% had LNM (21.7% pelvic LNM, 18.5% para-aortic LNM). Among patients with LNM who had both pelvic and para-aortic lymphadenectomy, isolated pelvic, para-aortic and both LNM were noted in 51.4%, 17.1%, and 31.4% respectively. Age and depth of myometrial invasion were significant predictors of LNM in LVSI positive EC. Node positive patients had high recurrence rate (47% vs. 11.8%, p<0.05) especially distant (60.9% vs. 7.9%, p<0.001) and para-aortic (13.2% vs. 1.8%, p=0.017) recurrences compared to node negative EC. LNM was associated with lower progression-free survival (p=0.002) but not overall survival (p=0.73). Conclusion: EC with positive LVSI is associated with high risk of LNM. LNM is associated with high recurrence rate especially distant and para-aortic recurrences. Adjuvant treatments should target prevention of recurrences in these areas.
INTRODUCTION
In clinically early stage endometrial cancer (EC), lymphova scular space invasion (LVSI) has repeatedly been associated with disease spread and poor outcomes. The presence of LVSI is associated with lymph node metastasis (LNM), a critical factor with regards to staging, prognosis and treatment planning of clinically early stage EC [1] [2] [3] [4] [5] [6] . Further, the presence of LVSI is associated with lymphatic and hematogenous spread to distant sites [7] [8] [9] . Even in women with surgically staged EC confined to the uterus (negative lymph nodes), the positive association between LVSI and recurrence risk has been reported [1, 3, [10] [11] [12] . While the status of pelvic and para-aortic lymph nodes is critical to staging and prognosis, lymphadenectomy is often omitted from surgical staging procedures if the surgeon feels that the risk of LNM is low based on preoperative and intraoperative findings. Unfortunately LVSI is often not revealed until the time of final pathology. In the presence of LVSI, authors report rates of pelvic lymph node metastases ranging from 25% to 45% [1, [3] [4] [5] . Some authors argue that LVSI on a uterine specimen is sufficient to warrant returning to the operating room for completion lymphadenectomy or to recommend adjuvant radiation and/or systemic therapies [1, 3, 4, 13] . While it is understood that LVSI conveys an increased While the presence of LNM carries with it significant implications for treatment planning and survival, the pattern of recurrence in LVSI positive patients stratified by lymph node status has not been thoroughly detailed to date. Characterizing and understanding the behavior of these tumors may have profound implications when discussing treatment options and prognosis. The objective of this study is to investigate the rate and the predictors of LNM in clinically early stage EC with positive LVSI. Further, the rate and pattern of recurrence of node negative and node positive EC with positive LVSI were measured.
MATERIALS AND METHODS
Patients with endometrial adenocarcinomas who underwent surgical treatment at the Cleveland Clinic Health System for the period from 2005 to 2012 were identified. Approval to conduct this study was obtained from Cleveland Clinic Institutional Review Board for Human Subjects Protection. Patients with clinical stage I endometrioid or mixed (at least 50% endometrioid) endometrial adenocarcinoma who had undergone total hysterectomy and bilateral salpingooophorectomy and lymphadenectomy with pelvic and/or para-aortic lymphadenectomy and have positive LVSI were included in the study. Patients with negative LVSI, other histology types, preoperative evidence of extra-uterine disease, stage IV cancer or those who did not undergo surgery were excluded. Demographic, clinicopathologic, surgical/adjuvant treatment, and follow-up data were extracted from pathology reports and medical records of all patients. Following surgery, patients underwent radiation therapy, chemotherapy or combined chemotherapy, and radiation therapy. Adjuvant radiation therapy was delivered by external beam radiotherapy and/or brachytherapy.
The primary endpoints were the rate and predictors of LNM in patients with clinically early EC with positive LVSI. Secondary endpoints were rate and pattern of recurrence in node positive compared to node negative EC with positive LVSI.
Associations between categorical and continuous variables were assessed using chi-square test, Fisher exact, and Welch t-test. Logistic regression models were used to quantify the associations of independent predictors with LNM. Factors entered in the multivariable model included age at diagnosis, grade and depth of myometrial invasion (grade was then removed from the final model as it was not significantly associated with LNM). The Kaplan-Meier methods were used to estimate progression-free survival and overall survival. Overall survival was calculated from date of diagnosis to date of death or last follow-up. Patients who are alive at the time of analysis were censored. Progression-free survival was calculated from date of diagnosis to date of progression/recurrence or last follow-up. R-Studio, integrated development environment for R version 0.97.551 (R-Studio, Boston, MA, USA) with R 3.1.0 was used for the statistical analyses.
RESULTS
One hundred forty-eight patients were included in this study. Of them, 38 were found to have positive nodes (25.7%). Positive pelvic nodes and para-aortic nodes were found in 21.7% (32/147) and 18.5% (17/92). Among patients with positive nodes who had both pelvic and para-aortic lymphadenectomy, nodal metastasis was found in only pelvic, paraaortic and both pelvic/para-aortic in 51.4% (18/35), 17.1% (6/35), and 31.4% (11/35). Among the node positive group, 79% patients (30/38) received pelvic radiation and 74% (28/38) received systemic adjuvant therapy including 60.5% received chemotherapy (23/38) ( Table 1) . Demographic, clinical and treatment characteristics of patients with negative and positive nodes are shown in Table 1 .
In multivariable analysis that included the entire cohort and adjusting for age, grade, and depth of myometrial invasion, predictors of any positive nodes were age (odds ratio [OR], 0.39; 95% confidence interval [CI], 0.2 to 0.71; p=0.003) and deep myometrial invasion (OR, 5.6; 95% CI, 2.6 to 13.1; p<0.001). For pelvic nodes, predictors of positive nodes were age (OR, 0.48; 95% CI, 0.25 to 0.88; p=0.022) and deep invasion (OR, 4.5; 95% CI, 2.1 to 10.7; p<0.001). For para-aortic nodes, predictors were age (OR, 0.3; 95% CI, 0.11 to 0.70; p=0.009) and deep invasion (OR, 8.2; 95% CI, 2.7 to 30.9; p<0.001).
The rate of positive nodes among grade 1, 2, and 3 patients was 11% (3/27), 36% (17/47), and 32.5% (13/40), respectively (p=0.05). Among patients with no or <50% invasion, the rate of positive nodes was 12% (6/49) compared to 40% (26/65; p=0.001) for patients with deep invasion (50% or more). Rates of positive nodes by grade and depth of myometrial invasion are listed in Table 2 .
The rate of recurrence among node positive and node negative patients was 47% (18/38) versus 11.8% (13/110; p<0.001) respectively. The rates of vaginal, pelvic, and extrapelvic recurrences were 10.5% (4/38) versus 2.7% (3/110; p=0.05), 10.5% (4/38) versus 3.6% (4/110; p=0.10), and 26.3% (10/38) versus 6.4% (7/110; p=0.001), respectively. Among extrapelvic recurrences, the rates of distant, peritoneal, and para-aortic 210 www.ejgo.org The 5-year progression-free survival for node positive and node negative LVSI positive patients was 47.6% versus 76% (p=0.002), respectively (Fig. 1A) . The 5-year survival for node positive and node negative LVSI positive patients was 83.6% versus 82% (p=0.73), respectively (Fig. 1B) .
DISCUSSION
Endometrial cancer is the fifth most common cancer in women worldwide, but the treatment of clinically early stage tumors remains elusive [10, 13] . As we continue to understand the natural history of this disease relative to various risk factors, it is often helpful to be able to counsel women regarding the risks and benefits of any additional surgeries or adjuvant therapies. Pooling a large historic cohort of women, we found that 25.7% of women with clinically early stage, LVSI positive EC had stage IIIC disease with positive para-aortic nodes found in almost 50% of those with positive nodes. Not surprisingly, LNM were associated a higher risk of recurrence; in particular, women with LNM experienced higher para-aortic and distant failures compared to women without LNM.
Cohn et al. [4] reported LNM in 38% of patients with LVSI positive EC. However, the study by Cohn et al. [4] included all histologic types and was not limited to endometrioid type. Further, the rate of para-aortic nodal metastasis was not specified [4] . The rate of LNM was lower in this study (25%), Values are presented as percentage (number/total number). which is likely related to including only patients with pure or predominant endometrioid histology. Further, we were able to details the location of lymph nodes among those with positive nodes. Interestingly, positive para-arotic nodes was found in 48% of those with positive lymph nodes, which further confirm the importance of comprehensive surgical staging in these patient population. The data in this study further confirm the findings by Cohn et al. [4] about the impact of LVSI on risk of LNM beside other well known variables such as tumor grade and depth of myometrial invasion. The findings in this study are helpful in patient counseling and postoperative treatment decision in patients with positive LVSI who did not undergo surgical staging. The overall recurrence rate in this study was 21% with higher rate as expected for those with positive lymph nodes compared to those with negative lymph nodes. Other authors have demonstrated the association between LVSI and pattern of recurrence. In a large series by Watari et al. [7] , 10.5% of women with moderate or prominent LVSI experienced distant failure. Inoue et al. [8] , reported that LVSI was associated with 21.3% chance of tumor recurrence, often at distant sites.
There is a paucity of data with regards to location of recurrence in stage IIIC women with LVSI. Interestingly in this study, LVSI positive EC with LNM, had a higher rate of paraaortic and distant failures. In recent years, the administration of chemotherapy has been favored, subsequent to results of Gynecologic Oncology Group (GOG) 122 and the survival benefit associated with chemotherapy compared to whole abdominal radiation therapy [14] . Based on our results, systemic therapy to prevent distant recurrences should be considered in women with stage IIIC, LVSI positive EC.
The conclusions of this study are limited by its retrospective nature and sample size. Because of small sample size of patients with positive lymph nodes, we lacked the power to investigate the role of postoperative adjuvant therapy on risk and pattern of recurrence. Further, given its retrospective nature, we lacked information on rationale for performing only pelvic lymphadenectomy on some patients. However, this study is one of the few studies detailing the risk of harboring positive lymph nodes and pattern of recurrence in this unique patient population.
While most women with EC are early stage and have excellent long term survival, clearly there are subgroups of women identifiable by pathologic and personal risk factors who are at a higher risk for LNM and disease relapse. Ultimately, patients with positive LVSI harbor high risk of LNM with subsequent risk of recurrence especially distant recurrence. Interestingly, LVSI positive patients with grade 2 to 3 disease have a high incidence of LNM even in those with ≤50% myometrial invasion. As we know, information on LVSI status can be obtained only by final pathology. Therefore, these data need to verified in future prospective study to decide whether routine lymphadenectomy can be omitted in only small faction of those with grade 1 with ≤50% myometrial invasion to account for the risk of positive LVSI. The other challenging question is what do with patients who did not undergo surgical staging but were found to have positive LVSI on final pathology. Based on our data, surgical staging or adjuvant treatment should be considered. Further, the high risk of distant recurrence in patients with stage IIIC LVSI positive EC, necessitate further investigation to identify the most effective treatment strategy to provide both local and distant control in this unique patient population.
